ABSTRACT. Colibacillosis is one of an economically significant disease in the poultry industry, especially for meat breed chickens. Recently it has become a serious problem for layer especially when the birds start laying and also at the later stage of laying. In Japan, the productivity of field laying hens improved when the Δcrp avian colibacillosis live vaccine ("Gall N tect CBL") was used. The survival rate and egg laying rate increased during almost all of the laying period when compared with the control group. The improvement in productivity was clearly demonstrated by comparing the number of eggs laid per day. The use of an avian colibacillosis live vaccine proved to be cost-effective in laying hens.
It is well-known that avian colibacillosis in broilers not only causes mortality and culling, but also leads to condemnation on inspection and excessive economic losses. The prevalence of avian colibacillosis in layers has rarely been reported until recently when there has been an increased incidence worldwide including in Japan [3, 9, 15, 16, [19] [20] [21] . Infection occurs within respiratory organs or the cloaca [9] , causing Escherichia coli peritonitis syndrome, salpingitis or internal laying, inducing a lower laying rate or an increased mortality rate [8, 9, 20] . The underlying cause is as yet unknown, but a slightly increased mortality rate has often been reported. The number of died or culled chickens due to colibacillosis increased from around the beginning of egg laying [19] , between initiation and the peak of laying [21] or in the later period of laying. The occurrence of avian colibacillosis is easily overlooked as it normally has little impact on hen-day (HD) egg production, except for a case where all of the chickens on a farm were highly infected [1] . However, an analysis of hen-housed (HH) egg production revealed that the economic loss was not small. Adequate ventilation in the chicken house is the best and the drastic measure against colibacillosis but comfortable ventilation conditions depend on many factors and it can be difficult to decide the best settings for temperature and humidity. The use of antibiotics to prevent and treat avian colibacillosis is not much better than careful rearing or vaccination. This is because almost all pathogenic E. coli isolates from layers are resistant to several antibiotics [3, 16] , and therefore treatment of colibacillosis requires examination of drug sensitivity. In addition, antibiotics should be used carefully so as not to increase multidrug-resistant strains.
Various virulence-associated genes have been studied in recent years as vaccine candidates for avian colibacillosis. The use of recombinant increased serum survival gene (iss) fusion proteins [12] , oral vaccination using Salmonella to deliver avian colibacillosis antigens e.g. papA, papG, iutA and clpG [2, 11] , deletion of ibeA or pst genes, have all succeeded in reducing virulence [7, 22] . Furthermore, there are many reports of the efficacy of the ΔaroA vaccine and its potential is widely recognized [4, 5, 10, 13, 17] . However, deletion of only the aroA gene is not enough to attenuate the full pathogenicity and deletion of an additional gene such as the luxS gene is required [6, 18] .
We have already reported the usefulness of a mutant of Δcrp of O78 avian pathogenic E. coli [14] . A live vaccine composed of this strain has been marketed since 2012 in Japan. The use of this vaccine will potentially improve the decreased productivity caused by avian colibacillosis in broilers. The precautionary measure of using a live vaccine against avian colibacillosis has gradually become popular for broilers in Japan. We therefore estimated the efficacy of a live vaccine against colibacillosis in layer breeders in Japan.
We used a live vaccine "Gall N tect CBL" (Nisseiken Co., Ltd., Tokyo, Japan) in this study. The vaccine is made up of 10 7 -10 9 colony-forming-units (CFU)/dose of AESN1331 O78 APEC strain which has a delated crp gene and has been freeze-dried with skim-milk [14] . The trial farm was situated in Kyushu region in Japan and the chicken houses were open-sided with floor-feeding. This farm was often troubled with increasing mortality rate at the later period of laying caused by an avian collibacillosis. The doi: 10.1292/jvms.17-0189 layer chicken breeds used in this trial were 8,000 brown layers and 8,000 white layers. The chickens were divided by laying houses so that brown layers were equally divided into vaccinated and non-vaccinated groups, and white layers were divided into 2,000 birds in the vaccinated group and 6,000 birds in the non-vaccinated group. The vaccine was dissolved in sterile saline, and administered at 28 days of age as a fine spray (0.3 ml/bird/dose) and again at 64 days of age as a coarse spray (0.5 ml/bird/dose). The fine spray was delivered as droplets of <100 µm using a New-con 607 (Thomas Industries, Louisville, KY, U.S.A.) and the coarse spray was delivered as droplets of >100 µm using a Pana-Spray (Panasonic, Osaka, Japan). After moving from the rearing to the laying house at 120 days of age, survival rate, laying rate, average egg weights and average body weights in the vaccinated group were recorded and compared with those of the non-vaccinated control group. We compared the results with the standards for survival rate and laying rate from the breeding manual ( Figs. 1 and 2 ). For comparison with the brown layer group the HD egg laying number was converted to the equivalent for 4,000 white layers (Fig. 5) .
Fisher's exact and χ 2 tests were used to compare both survival rate and laying rate. The results for both groups between 65 and 67 weeks of age were deleted because of a breakdown of water-supply equipment at the chicken house containing the vaccinated group.
After the introduction of vaccination, the survival rates of the vaccinated groups were higher than those of the control groups in both breeds (Fig. 1) . Furthermore, they were higher than the standard for each breed for almost all of the laying period. The survival rate in the control groups suddenly dropped from the age of 56-60 weeks and older, and was lower than 80% at age 78 weeks. However, the rates were markedly improved in the vaccinated groups. The egg laying rate of the non-vaccinated group was slightly lower than the standard in both breeds except at the initiation of egg laying. However, rates for both vaccinated groups were higher than the standard, even after the peak of egg production (Fig. 2) . Although the rate temporarily decreased due to a problem with the drinking water system at around 65-67 weeks of age, 2 egg laying rates increased again and were higher than the standards for both breeds at 78 weeks. We diagnosed as an avian collibacillosis occurred by dissection, confirming pericarditis and peritonitis when mortality rate was increased. The occurrence of avian colibacillosis increased at the beginning of egg laying and at the peak of laying, when laying hens had become stressed. According to the brown layer breeding manual, the point of 50% egg laying rate is 143 days old, and the peak laying rate is from 26 to 28 weeks old. For white layer, the point of 50% egg laying rate is 147 days old, and the peak laying rate is from 33 to 36 weeks old. It was considered that the vaccine could help to prevent infection during these peak stressful periods, so that the initial survival rate and laying rate might be improved. Improvements in egg laying in both breeds were assumed to be a phenomenon secondary to the improved health condition resulting from the control of infection with APEC. There were no differences in the average egg weights between vaccinated and control groups in either breed (Fig. 3) . Discrepancies between the average body weights for standard and the control groups were wide, compared with those of the vaccinated group in both breeds (Fig. 4) . As described above, the improvement in productivity resulting from a largely improved survival rate and high egg laying rate after vaccination was clearly observed by comparing the number of eggs laid per day (Fig. 5) . When the increase in the number of eggs was converted into the value per 4,000 hens, the total number of HH eggs increased by 101,470 eggs in brown layer and 108,183 eggs in white layer. The gross margin cannot be simply calculated because the egg price is different between breeds and parent stocks. However, we have convincingly demonstrated that Gall N tect CBL is a cost-effective vaccine.
In summary an avian colibacillosis live vaccine deleting the crp gene is a useful candidate for layer chicken breeds because it prevents avian colibacillosis infection and improves productivity.
